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Abstract 
A new type of electronic nose is used to differentiate subspecies of flowers grown together under identical conditions. 
The electronic nose uses a computer-designed broadband voltage pulse sent to a polymer coated electromechanical 
resonator. The pulse spans a user-defined bandwidth around a user-selected center frequency so as to include at least 
one mechanical resonance.  The transient voltage pulse excites mechanical resonance through the piezoelectric effect.  
The current response signal from the device is recorded and subjected to FFT.  Components of the response due to 
electrical impedance and mechanical resonance are separated and tracked with time upon exposure to floral aromas 
from related species and subspecies.  This work uses low-cost electronics but still achieves enough sensitivity to 
easily differentiate subspecies grown under identical conditions.  
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of 
Bio-Sensing Technologies, UWE Bristol.  
 
Keywords: electronic nose; resonance; capacitive detection; Labview; Fast Fourier Transorm (FFT); aroma detection; gas sensor 
1. Introduction 
 For the last three decades researchers have developed various types of electronic noses.  Some 
successful types include metal oxide sensors1, 2 and polymer coated resonators3-7, where the measured 
quantities are changes in the electrical impedance and mechanical resonance, respectively.  Each of these 
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completely independent technologies has been moderately successful at producing high quality gas 
sensors.  Recently a new method has been developed to gain both types of sensor information from a 
single device8.  A polymer-coated piezoelectric resonator is probed with a broadband voltage pulse and 
the response current is recorded and analyzed in real time using a pre-programmed routine.  The routine 
saves the parameters of mechanical resonance and electrical resonance.  Multiple sensors are multiplexed 
together.  Altogether there are two sensors each with three types of polymer coatings plus controls of 
uncoated and vacuum cased sensors for a total of eight.  Five independent parameters are measured during 
each measurement cycle: resonance frequency, quality factor, mechanical amplitude, capacitance, and 
electrical phase.  The large amount of data makes the system highly sensitive even with low-cost sensors 
and somewhat randomly chosen polymer coatings.  This system can be used to differentiate aromas.   
 In the paper below we use the system described above to distinguish the aromas of two species of 
aromatic flowers.  Three subspecies of each sampled species are measured.  All samples can be easily 
distinguished by aroma.  Many can be easily distinguished using just a single parameter from a single 
resonator although five parameters are gathered for an array of eight resonators.  The data show that this 
low-cost device can be used to distinguish samples in a home brewery shop, a holistic medical clinic, or 
by extrapolation, a flower shop.  This low-cost, low-voltage method is cell phone compatible technology 
since the frequency chosen is within the reach of commercial cell phone speaker and microphone circuits 
(DAC/ADC). 
 
2. Experimental 
 Figure 1 shows the overall experimental setup.  A computer calculates a waveform that is fed to 
a NI DAQ system and generated in the circuit (dashed line) as a voltage pulse.  The pulse travels through 
an input multiplexer to the sensor (which is occasionally exposed to an aromatic sample) then out through 
an output multiplexer.  The current is measured at a preamplifier and fed to the NI DAQ as a voltage.  
From there it is transmitted to the computer where it is analyzed by a software routine to extract the 
mechanical resonance and electrical impedance measurements.  The routine fits the real and complex 
parts of impedance as functions of frequency (obtained from current measurement in response to known 
voltage pulse) to a straight line.  The complex part will be a function of frequency dominated by 
capacitance.  Subtracting out these electrical effects leaves the mechanical resonance peak on a flat line.  
It can be easily fit to a Lorentzian with a preprogrammed routine employing estimated parameters as 
initial guesses.  Figure 2 shows how the sensors were dip-coated with polymer solution that cured by 
drying in air at room temperature to a polymer film.  The polymer solution was found to bridge the gap 
between the tuning fork prongs.  If it were allowed to dry like this the polymer film would damp out the 
resonance.  To fix this the forks were wicked between the prongs with a kimwipe.  This technique is 
admittedly imprecise and was chosen for experimental ease.   
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Figure 1: Overall experimental schematic: a software-defined electronic signal (dashed line) is sent from the 
computer controlled electronics to a resonator inside a covered petri dish with an aromatic flower sample. The output 
signal from the resonators is transimpedance amplified, recorded and processed using Labview software’s automated 
curve fitting.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The dip coating procedure.  Tuning forks are held with tweezers and dipped under observation into a 
solution until the meniscus reaches a level just above where the prongs divide.  They are then wicked with a Kimwipe 
to remove the fluid bridging the gap between prongs.  Once dried the polymer film over the electrodes appears 
colored at certain viewing angles (bottom right, lower half) allowing easy visualization of the polymer layer. 
 
 Figure 3 shows the front panel of the Labview VI during operation.  The user-defined parameters 
are in the top left: center frequency, bandwidth, amplitude, Lorentzian parameter guesses, pre-Amp 
setting.  Next to that is the MFC control panel where the experimenter picks flow rates, experiment time, 
and relative lengths of adsorption and desorption phases.  (Note MFCs were not used in this experiment).  
On the right are the voltage pulse and the current response below in real time.  Note the slight resonant 
enhancement on the right side of the current response as compared to the left side.  Below that are the 
Lorentzian fit parameters just above the graph of resonance amplitude as a function of frequency with 
overlaid Lorentzian fit in green.  Note how nearly Lorenztian is the device behavior!  This panel updates 
for each pulse and response cycle for a real-time quality check.  Below that are the elapsed experimental 
time indicator and the sensor selection interface.  In this screenshot, sensors 0, 3, 4 are de-selected. 
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Figure 3: The Labview front panel.  Pulse and response signals before processing are on the right side top.  Note the 
slight resonant enhancement on the right half of the response signal.   Below is the signal amplitude as a function of 
frequency near the resonance peak after processing to isolate the mechanical signal with a Lorentzian fit overlaid in 
green, and the time domain response signal.  Notice how nearly Lorentzian is the device behavior!  User defined 
parameters are visible in the upper left.  MFCs and multiplexer are programmed and controlled through the same VI 
with user interfaces at to and bottom center respectively. 
3. Results 
 Figure 4 shows the resonance frequency response curves of PVA and PEI coated sensors 
exposed to three types of hops aromas: Cascade, Chinook, and Saaz.  Notice that the sensors respond 
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similarly for each type of aroma with Saaz giving the greatest response and Chinook the least.  The PVA 
sensors also have similar magnitude of response which points to similar coating thickness and stiffness.  
The PEI sensors have different magnitude of response but similar response patterns.  This is likely from a 
different thickness or stiffness between PEI coatings.  The desorption/adsorption frequency response of 
the PVA coated  sensors is enough to clearly distinguish all three hops aromas based on flat-line response 
criteria with bands at 5 and 7 EE-4.  Desorption/adsorption curves from PEI can be used by measuring all 
3 with prior knowledge of the response order.  This can be easily improved by making coatings more 
uniform.  
 
 
 
 
 
Figure 4: Resonance frequencies of 2 resonators each with coatings of poly(vinylalcohol) [PVA] or 
poly(ethyleneimine) [PEI] upon exposure to (or withdrawl of) the aroma of 3 types of hops pellets: Chinook, 
Cascade, and Saaz.  For PVA the resonators’ responses match almost exactly.  For PEI they match in relative 
magnitude but one sensor has larger shifts.  For both polymer types the 3 type s of hops are easily distinguishable. 
 
 Figure 5 shows the response curves (Q factor, frequency, and capacitance) of PVA and PEI coated sensors 
to three types of aromatic flowers from the same family as hops: Mazar, Mendo Purps, and MB Kush.  The quality 
factor shows a curious oscillation as a function of time in calm air in a covered petri dish.  The oscillation can be seen 
faintly reflected in the resonance frequency curve but strongly on the quality factory curves.  Such an effect has not, 
to our knowledge, been demonstrated previously.  It likely has to do with periodic changes in the bulk properties of 
the polymer matrix as a function of time as it swells and compresses due to interaction with the vapor.   The 
capacitance response is shown along with linear fits on an ln plot showing high R2 values and consistent slopes 
dependent on aroma and consistent intercepts depending on sensor (film properties).  Below that is the frequency 
response for both types of polymer coatings and ln fits on ln plots.  Interestingly, the frequency was reasonably well 
modeled by ln fits to ln(frequency response).  Potential rationales for this ln(ln(frequency response)) fit include that 
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there are 2 diffusions: from the air past the polymer surface and from the surface to the interior.  The latter gates the 
former by means of diffusive pressures.  Conversely, diffusion into the interior draws in more aroma by diffusion 
gradients.  If we assume each of these diffusions to be modeled by a ln we can arrive at the observed functional form.  
All three aroma types can be distinguished simply by comparing fit coeffecients for capacitance response.   For 
frequency response, criteria on the endpoint of the frequency shift are more reliable than coeffecients of the 
ln(ln(frequency response)) fits.    
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Figure 5: 1st Row: Quality factor responds characteristically for each type of sample in terms of magnitude.  There 
are decaying oscillations.  2nd Row: Capacitance response of PVA coated sensors and Ln fits used to distinguish 
flowers by a single number without calibration.  3rd and 4th Rows: Frequency response of PVA coated sensors and 
PEI coated sensors with double Ln fits.  In this case a calibration of the sensor would be necessary to distinguish the 
flowers by aroma.  Alternatively, the coating process could be refined to decrease variation from device to device. 
4. Conclusions 
 This method can easily distinguish subspecies of flowers grown in identical conditions purely by 
aroma after dessication.  The technique uses low cost materials and primitive physical techniques and can 
easily be improved.  The value of the technique is in the sophisticated experimental design and automated 
analysis.  The technique has potential for deployment in cell phones where the speakers and microphone 
provide circuits for pulse and response and automated routines can be pre-programmed.   
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Appendix A: Resonance frequency, capacitance, quality factor and phase response curves of a coated sensor array to 
aromatic flower vapors.  Responses of 8 sensors including a vacuum cased sensor, an uncoated sensor, and 2 each 
with coatings of poly(vinylalcohol) [PVA], poly(ethyleneimine) [PEI], or poly(aniline) [PAn].   
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